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This Letter presents a search for the Standard Model Higgs boson in the decay channel H — > ZZ'^*^ — ;> 
£~^i~£ +^ ~, where £,£ = e or /i, using proton-proton collisions at y/s = 7 TeV recorded with the ATLAS 
detector and corresponding to an integrated luminosity of 4.8 fb^-'^. The four-lepton invariant mass dis- 
tribution is compared with Standard Model background expectations to derive upper limits on the cross 
section of a Standard Model Higgs boson with a mass between 110 GeV and 600 GeV. The mass ranges 
134-156 GeV, 182-233 GeV, 256-265 GeV and 268-415 GeV are excluded at the 95% confidence level. 
The largest upward deviations from the background-only hypothesis are observed for Higgs boson masses of 
125 GeV, 244 GeV and 500 GeV with local significances of 2.1, 2.2 and 2.1 standard deviations, respectively. 
Once the look-elsewhere effect is considered, none of these excesses are significant. 
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1. Introduction 

The search for the Standard Model (SM) Higgs 
boson [ij-Q is one of the most important aspects of 
the CERN Large Hadron Colhder (LHC) physics 
programme. Direct searches performed at the 
CERN Large Electron-Positron Colhder (LEP) ex- 
cluded at 95% confidence level (CL) the produc- 
tion of a SM Higgs boson with mass, uih, less than 
114.4 GeV 111. The searches at the Fermilab Teva- 
tron pp collider have excluded at 95% CL the region 
156 <mH < 177 GeV [5,]. At the LHC, resuhs from 
data collected in 2010 extended the search in the re- 
gion 200 < niH < 600 GeV by excluding a Higgs 
boson with cross section larger than 5 — 20 times 
the SM prediction [1, Q- In ATLAS these results 
were extended further using the first 1.04—2.28 fb"'^ 
of data recorded in 2011 I8|-|l3j. In particular, the 
H ^ WW^*'> £+iy£-v search [ij excluded at 
95% CL the region U5 < tuh < 206 GeV. 

The search for the SM Higgs boson through 
the decay H ZZ^*^ £+£~e'+e'', where 
£,£ — e 01 fj,, provides good sensitivity over a 
wide mass range. Previous results from ATLAS 
in this channel [9| excluded three mass regions be- 



tween 191 GeV and 224 GeV at 95% CL with a 
2.1 fb~^ data sample. This Letter presents an up- 
date of this search in the mass range from 110 GeV 
to 600 GeV, superseding Ref. Q. Three distinct 
final states, (4/i), e+e^/x^/i^ (2e2/i), 

and e+e^e+e^ (4e), are selected. The largest 
background to this search comes from contin- 
uum (^(*)/^*)(2-(*)/7*) production, referred to as 
hereafter. For mn < 180 GeV, there 
are also important background contributions from 
Z + jets and tt production, where the additional 
charged lepton candidates arise either from de- 
cays of hadrons with b- or c-quark content or from 
misidentification of jets. 



The ^/s = 7 TeV pp collision data were recorded 
during 2011 with the ATLAS detector at the 
LHC and correspond to an integrated luminosity 
of 4.8 fb~^ [3, [l3l- This analysis is using more 
than twice the integrated luminosity of Ref. Q, 
including the data therein. The electron identifi- 
cation efficiency has been improved; furthermore 
the electron tracks have been refitted using a 
Gaussian-sum filter [l^l, which corrects for energy 
losses due to bremsstrahlung. The analysis also 
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benefits from recent significant improvements in 
the alignment of the inner detector and the muon 
spectrometer. 



2. The ATLAS Detector 

The ATLAS detector is a multi-purpose par- 
ticle physics detector with forward-backward sym- 
metric cylindrical geometrjQ. The inner track- 
ing detector (ID) [18[ covers \ri\ < 2.5 and con- 
sists of a silicon pixel detector, a silicon mi- 
crostrip detector, and a transition radiation tracker. 
The ID is surrounded by a thin superconducting 
solenoid providing a 2 T axial magnetic field. A 
high-granularity lead/ liquid- argon (LAr) sampling 
calorimeter [19[ measures the energy and the po- 
sition of electromagnetic showers with I77I < 3.2. 
LAr sampling calorimeters are also used to mea- 
sure hadronic showers in the end-cap (1.5 < I77I < 
3.2) and forward (3.1 < \ri\ < 4.9) regions, while 
an iron/scintillator tile calorimeter [20| measures 
hadronic showers in the central reg ion {\ri\ < 1.7). 
The muon spectrometer (MS) |2l| surrounds the 
calorimeters and consists of three large supercon- 
ducting air-core toroids, each with eight coils, a sys- 
tem of precision tracking chambers (|?7| < 2.7), and 
fast tracking chambers for triggering. A three-level 
trigger system ^2^] selects events to be recorded for 
offline analysis. 

3. Data and Simulation Samples 

The data are subjected to quality requirements: 
events recorded during periods when the relevant 
detector components were not operating normally 
are rejected. The resulting integrated luminosity is 
4.8 fb-\ 4.8 fb-i and 4.9 fb^^ for the 2e2/^ and 
4e final states, respectively. 

The H ZZ^-*') A£ signal is modelled us- 
ing the POWHEG Monte Carlo (MC) event genera- 
tor 



order (NLO). The Higgs boson transverse momen- 
tum (pt) spectrum in the gluon fusion process is 
reweighted to match the calculation of Ref. [2^, 
which includes quantum chromo dynamics (QCD) 
corrections up to NLO and QCD soft-gluon resum- 
mations up to next-to-next-to-leading logarithm 
(NNLL). POWHEG is interfaced to pythia |26] for 
showering and hadronization, which in turn is inter- 
faced to PHOTOS (27i] for quantum electrodynamics 
(QED) radiative corrections in the final state and 



to TAUOLA [28|, l29| for the simulation of r lepton 
decays, pythia is used to simulate the production 
of a Higgs boson in association with aW or a, Z bo- 
son. 

The Higgs boson production cross sections and 



as well as their 
The 



34, m 



decay branching ratios 30l-33j. 
uncertainties, are taken from Refs 
cross sections for the gluon fusion process have 
been calculated at next-to-leading order (NLO) in 
QCD 36-38], and then at next-to-next-to-leading 
order '(NNLO) In addition, QCD soft- 

gluon resummations up to NNLL are applied for 
the gluon fusion process 42| . The NLO electroweak 
(EW) corrections are applied 43 , i^l . These results 
are compiled in Refs. |45l447f assuming factorisation 
between QCD and EW corrections. The cross sec- 
tions for the vector-boson fusion process are calcu- 
lated with fuU NLO QCD and EW corrections [48- 
[Hoj l. and approximate NNLO QCD corrections are 
available [51]. The associated productions with a 
W or Z boson are calculated at NLO 52] and at 
NNLO 531 in QCD, and NLO EW radiative cor- 
rections (54j are applied. The uncertainty in the 
production cross section due to the choice of QCD 
scale is for the gluon fusion process, and ±1% 

for the vector-boson fusion, associated WH produc- 
tion, and associated ZH production processes 34| . 
The uncertainty in the production cross section due 
to the parton distribution function (PDF) and as is 
±8% for gluon- initiated process and ±4% for quark- 
initiated processes |55|-l59|. The Higgs boson de- 
cay branching ratio to the four-lepton final state is 

3 



2^ 24 1, which calculates separately the gluon- predicted by PROPHECY4f 31, S^, which includes 



gluon and vector-boson fusion production mecha- 
nisms with matrix elements up to next-to-leading 



^ ATLAS uses a right-handed coordinate system with its 
origin at the nominal interaction point. The 2-axis is along 
the beam pipe, the x-axis points to the centre of the LHC 
ring and the ly-axis points upward. Cylindrical coordinates 
{r,<f>) are used in the transverse plane, </> being the azimuthal 
angle around the beam pipe. The pseudorapidity rj is defined 
as r; = — ln[tan(S/2)] where is the polar angle. 



the complete NLO QCD-I-EW corrections, interfer- 
ence effects between identical final-state fermions, 
and leading two-loop heavy Higgs boson correc- 
tions to the four-fermion width. Table [1] gives the 
production cross sections and branching ratios for 
H — > ZZ^*^ -> M for several Higgs boson masses. 

The cross section calculations do not take into 
account the width of the Higgs boson, which is im- 
plemented through a relativistic Breit-Wigner line 
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shape apphed at the event-generator level. It has 
been suggested 35, H^-fil] that effects related to off- 
shell Higgs boson production and interference with 
other SM processes may become sizeable for the 
highest masses {rriH > 400 GeV) considered in this 
search. In the absence of a full calculation, a con- 
servative estimate of the possible size of such effects 
is included as a signal normalization systematic un- 
certainty following a parameterization as a function 
ofmn: 150% x m|j[TeV], for tuh > 300 GeV 

The ZZ'^*^ continuum background is modelled us- 
ing PYTHIA. The MCFM [ssl, prediction, includ- 
ing both quark-antiquark annihilation and gluon 
fusion at QCD NLO, is used for the inclusive to- 
tal cross section and the shape of the invariant 
mass of the ZZ^*-' system (jn^^,^'))- The QCD 
scale uncertainty has a ±5% effect on the expected 
ZZ^*^ background, and the effect due to the PDF 
and as uncertainties is ±4% (±8%) for quark- 
initiated (gluon-initiated) processes. An additional 
theoretical uncertainty of ±10% on the inclusive 
ZZ(*) cross section is conservatively included due 
to the missing higher-order QCD corrections for 
the gluon-initiated process, and a correlated uncer- 
tainty on the predicted m^zi') spectrum is esti- 
mated by varying the gluon-initiated contribution 
by 100% [65 1 . 

The Z -|- jets production is modelled using ALP- 
GEN [i^ and is divided into two sources: Z -|- 
light jets — which includes Zee in the massless c- 
quark approximation and Zhh from parton show- 
ers — and using matrix element calculations 
that take into account the 6-quark mass. The 
MLM [63 matching scheme is used to remove 
any double counting of identical jets produced via 
the matrix element calculation and the parton 
shower, but this scheme is not implemented for h- 
jets. Therefore, hh pairs with separation Ai? = 

\l {^4>)^ + (Ayy)^ > 0.4 between the 6-quarks are 
taken from the matrix-element calculation, whereas 
for Ai? < 0.4 the parton-shower hh pairs are used. 
In this search the Z+jets background is normalized 
using control samples from data. For comparisons 
with simulation, the QCD NNLO fewz 68, 69] and 
MCFM cross section calculations are used for inclu- 
sive Z boson and Zhh production, respectively. The 
tt background is modelled using mc@nlo |70i and 
is normalized to the approximate NNLO cross sec- 
tion calculated using hathor [71|. The effect of 
the QCD scale uncertainty on the cross section is 
lg%, while the effect of PDF and as uncertainties is 



±7%. Both ALPGEN and mcOnlo are interfaced to 
HERWIG |72| for parton shower hadronization and 
to jimmy |73| for the underlying event simulation. 

Generated events are fully simulated using 
the ATLAS detector simulation ^7^] within the 
GEANT4 framework J5j. Additional pp interac- 
tions in the same and nearby bunch crossings (pile- 
up) are included in the simulation. The MC sam- 
ples are reweighted to reproduce the observed dis- 
tribution of the mean number of interactions per 
bunch crossing in the data. 

4. Lepton Identification and Event Selection 

The data considered in this analysis are selected 
using single-lepton or di-lepton triggers. For the 
single-muon trigger the pt threshold is 18 GeV, 
while for the single-electron trigger the transverse 
energy, £^t, threshold is 20 — 22 GeV depending 
on the LHC instantaneous luminosity. For the di- 
muon and di-electron triggers the thresholds are 
Pt = 10 GeV for each of the muons, and = 
12 GeV for each of the electrons, respectively. 

Electron candidates consist of clusters of energy 
deposited in the electromagnetic calorimeter that 
are associated to ID tracks. Electron tracks have 
been refitted using a Gaussian-sum filter. The 
electron candidates must satisfy a set of identifi- 
cation criteria [76'] that require the shower profiles 
to be consistent with those expected for electro- 
magnetic showers and a well-reconstructed ID track 
pointing to the corresponding cluster. The electron 
transverse momentum is computed from the clus- 
ter energy and the track direction at the interaction 
point. 

Muon candidates are reconstructed by matching 
ID tracks with either cornplete or partial tracks re- 
constructed in the MS [77|. If a complete track 
is present, the two independent momentum mea- 
surements are combined; otherwise the momentum 
is measured using the ID information only. To re- 
ject cosmic rays, muon tracks are required to have a 
transverse impact parameter, defined as the impact 
parameter in the transverse plane with respect to 
the primary vertex, of less than 1 mm. The primary 
vertex is defined as the reconstructed vertex with 
the highest ^ p\ of associated tracks among the re- 
constructed vertices with at least three associated 
tracks. 

This analysis searches for Higgs boson candidates 
by selecting two same-flavour, opposite-sign lep- 
ton pairs in an event. The impact parameter of 
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Table 1: Higgs boson production cross sections for gluon fusion, vector-boson fusion and associated production with a W or Z 
boson in pp collisions at = 7 TeV |34ll . The quoted uncertainties correspond to the total theoretical systematic uncertainty. 
The production cross section for associated production with aW or Z boson is negligibly small for nifj > 300 GeV. The decay 
branching ratio for H — > A£, with i = e oi fi, is reported in the last column JsS] . 

rn^ cr{gg -> H) cr {qq' Hqq') cr (qq -s> W H) a {qq -> ZH) BR {H -> ZZ^*) Af) 



[GeV] [pb] by m [py [10-'] 

130 14.ll2;i l-lS^lp-gp 0.501 ± 0.020 0.278 ±0.014 0.19 

150 10.5ti;g 0-962lo:g2f 0.300 ±0.012 0.171 ±0.009 0.38 

200 5.2l°;^ 0.637l{J;gig 0.103 ± 0.005 0.061 ± 0.004 1.15 

400 2.0 ± 0.3 0.162l°;gQ° - - 1.21 

600 0.33 ± 0.06 0.058lnnn9 - - 1-23 



Table 2: Lower thresholds applied to m^^ for reference values of m4^. For m^^ values between these reference values the 
selection requirement is obtained via linear interpolation. 
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Figure 1: Invariant mass distributions for simulated ] (a) | f/ — > ZZ^*^ — > 4/i and |(b)| J/ — > ZZ^*^ — > 4e events for mjj = 130 GeV. 
The fitted range for the Gaussian is chosen to be : —2 c to 2 tr (—1.5 a to 2.5 a) for the 4^ (4e) channel. The reduced mean 
value of the reconstructed invariant mass in the 4e channel arises from energy losses due to bremsstrahlung , 76^1 . The fraction 
of events outside the ±2(7 region is found to be 15% for Afi and 18% for 4e. 



the leptons along the beam axis is required to be 
within 10 mm of the primary vertex. Each lep- 
ton must satisfy > 7 GeV and be measured 
in the pseudorapidity range < 2.47 for elec- 
trons and I77I < 2.7 for muons. At least two lep- 
tons in the quadruplet must have > 20 GeV. 
The leptons are required to be separated from each 



other by Ai? > 0.1. The invariant mass of the 
same-flavour and opposite-sign lepton pair closest 
to the Z boson mass (mz) is denoted by mi2 and 
jm^ — mi2| < 15 GeV is required. The invariant 
mass of the remaining same-flavour and opposite- 
sign lepton pair, m^^, is required to be in the range 
Wmin < W34 < 115 GeV, where TOmin depends on 
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the reconstructed four-lepton invariant mass, m^i, 
as shown in Table [H 

The Z+jets and background contributions are 
further reduced by applying track- and calorimeter- 
based isolation and impact parameter requirements 
on the leptons. For a lepton to be isolated, the sum 
of the pt of tracks within AR < 0.2 of the lep- 
ton divided by the lepton is required to be less 
than 0.15, while the sum of the of the calorime- 
ter cells with AR < 0.2 around the lepton divided 
by the lepton is required to be less than 0.3. 
The lepton track and the energies of calorimeter 
cells associated to it are excluded from the sum. 
Any contributions arising from other leptons of the 
quadruplet are subtracted. To reduce the impact 
of event pile-up, the tracks included in the p^ sum 
for track isolation must be associated with the pri- 
mary vertex, and the transverse energy included in 
the Et sum for calorimeter isolation is corrected 
by subtracting a small amount of energy that de- 
pends on the number of reconstructed vertices in 
the event. In events with four-lepton invariant mass 
{m4i) below 190 GeV, the transverse impact pa- 
rameter significance, defined as the transverse im- 
pact parameter divided by the corresponding uncer- 
tainty, for the two lowest px leptons in the quadru- 
plet is required to be less than 3.5 (6) for muons 
(electrons). 

The combined signal reconstruction and selection 
efficiencies for uih — 130 GeV {itih — 360 GeV) 
are 27% (60%) for the 4^ channel, 18% (52%) for 
the 2e2/i channel and 14% (45%) for the 4e channel. 
The final discriminating variable is m^i, for which 
Higgs boson production would appear as a cluster- 
ing of events. In Fig. [TJ the invariant mass distri- 
butions for the Afi and 4e channels are presented 
for a simulated signal sample with mn = 130 GeV. 
The width of the reconstructed Higgs boson mass 
distribution is dominated by experimental resolu- 
tion for TTiH < 350 GeV, while for higher mn 
the reconstructed width is dominated by the nat- 
ural width of the Higgs boson; the predicted full- 
width at half-maximum is approximately 35 GeV 
at mjj = 400 GeV. 



A control sample consisting oi Z ^ £~^£~ candi- 
dates with an additional loosely selected — no iso- 
lation or impact parameter requirements — same- 
flavour lepton pair is used to study the contribu- 
tions of Zbb and light jets. The Zbb background 
dominates the Z + iifj, sample, and the Z -I- light jets 
background dominates in the Z + ee sample. The 
heavy flavour contribution in the Z + nfi control 
sample is estimated by subtracting from the data 
the light jet component. The latter is obtained 
in a data-driven manner by using measurements of 
the rate at which other particles are misidentifled 
as muons. The Z + light jets contribution in the 
Z + ee flnal state is estimated by extrapolation, us- 
ing MC simulation, from a background-dominated 
region defined by inverting the electron identifica- 
tion requirement on the transverse shower shape of 
the electromagnetic energy deposit. These data- 
driven backgrounds are extrapolated to the signal 
region by applying the efficiencies found in MC sim- 
ulation, and verified using data, for the isolation 
and impact parameter significance requirements. 

The normalization of the tt background, which 
also contributes substantially in the Z + fxfi flnal 
state, is verified using a control region of events 
containing an opposite-sign electron-muon pair con- 
sistent with the Z boson mass and two additional 
same-flavour leptons. 

Figure [2] displays the invariant masses of lepton 
pairs in events with a Z boson candidate and an 
additional same-flavour lepton pair, selected by fol- 
lowing the kinematic requirements of the analysis, 
and by applying isolation requirements to the flrst 
lepton pair only. The events are divided accord- 
ing to the flavour of the additional lepton pair into 
Z+fifj, and Z+ee samples, where Z — fi~^ fi~ / e~^ e~ . 
In Figs. |2(a)] and 2(c) the mi2 and 77134 distributions 
are presented for Z + events, while in Figs. |2(b)| 
and |2(d)| the corresponding distributions are pre- 
sented for Z + ee events. The shapes and normal- 
izations of the backgrounds discussed earlier are in 
good agreement with data; this is observed both for 
large values of 77134, where the ZZ^*^ background 
dominates, and for low 77734 values. 



5. Background Estimation 

The expected background yield and its composi- 
tion is estimated using MC simulation normalized 
to the theoretical cross section for ZZ'^*^ produc- 
tion and by data-driven methods for the Z + jets 
and tt processes. 



6. Systematic Uncertainties 

Uncertainties in lepton reconstruction and identi- 
flcation efficiency, and on the momentum resolution 
and scale, are determined using samples oi W, Z 
and J/ip decays. The muon efficiency uncertainty 
results in a relative acceptance uncertainty in the 
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Figure 2: Invariant mass distributions of the lepton pairs in the control sample defined by a Z boson candidate and an additional 
same-flavour lepton pair. The sample is divided according to the flavour of the additional lepton pair. In | (a) [ the mi2 and in 
|(c)| the 17134 distributions are presented for Z(— > ^+/i~/e+e~) + ^/i events. In |(b)| the mi2 and in |(d)| the m34 distributions 
are presented for Z{—¥ fi^ fi~ / e~ ) + ee events. The kinematic selections of the analysis are applied. Isolation requirements 
are applied to the first lepton pair only. 



signal and the ZZ^*") background which is uniform 
over the mass range of interest, and amounts to 
0.22% (0.16%) for the V (2e2/x) channel. The un- 
certainty in the electron efhciency results in a rela- 
tive acceptance uncertainty of 2.3% (1.6%) for the 
4e (2e2/i) channel at — 600 GeV and reaches 
8.0% (4.1%) at mu = 110 GeV. The effects of 
muon momentum resolution and scale uncertain- 



ties are found to be negligible. The energy resolu- 
tion uncertainty for electrons is negligible, while the 
electron energy scale uncertainty results in an un- 
certainty of less than 0.6% (0.3%) on the mass scale 
of the m^i distribution for the 4e(2e2/i) channel. 

The selection efficiencies of the isolation and im- 
pact parameter requirements are studied using data 
for both isolated and non-isolated leptons. Isolated 
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Table 3: The expected numbers of background events, with their systematic uncertainty, separated into "Low-m4^" {11141 < 
180 GeV) and "High-m4^" {m4i > 180 GeV) regions, compared to the observed numbers of events. The expectations for a 
Higgs boson signal for five different mu values are also given. 
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Figure 3: Invariant mass distributions [(a)] mi2 and |(b)| m34 for the selected candidates. The data (dots) are compared to the 
background expectations from the dominant ZZ^*' process and the sum of tt, Zbb and Z + light jets processes. Error bars 
represent 68.3% central confidence intervals. 



leptons are obtained from Z ^ II decays, while ad- 
ditional leptons reconstructed in events with Z — )■ 
II decays constitute the sample of non-isolated lep- 
tons. Additional checks are performed with non- 
isolated leptons from semi-leptonic h- and c-quark 
decays in a heavy-flavour enriched di-jet sample. 
Good agreement is observed between data and sim- 
ulation and the systematic uncertainty is, in gen- 
eral, estimated to be small with respect to the other 
systematic uncertainties. An exception is found in 



the case of isolated electrons with < 15 GeV, 
where due to the small number oi Z ^ e^e~ 
events and the substantial QCD backgrounds an 
additional uncertainty of 5% is added. 

An additional uncertainty in the signal selection 
efficiency is added due to the modelling of the signal 
kinematics. This is evaluated by varying the Higgs 
boson pt spectrum in the gluon fusion process ac- 
cording to the PDF and QCD scale uncertainties. 

The Z + light jets and Zbb backgrounds are eval- 
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Figure 4: m4t distribution of tiie selected candidates, compared to the background expectation for | (a) | the 100 — 250 GeV 
mass range and |(b)| the full mass range of the analysis. Error bars represent 68.3% central confidence intervals. The signal 
expectation for several mu hypotheses is also shown. The resolution of the reconstructed Higgs mass is dominated by detector 
resolution at low values and by the Higgs boson width at high . 



uated using data. Systematic uncertainties of 45% 
and 40%, respectively, are assigned to their nor- 
malization to account for the statistical uncertainty 
in the yield of the control sample, the uncertainty 
in the composition of the control sample, and the 
uncertainty in the MC-based extrapolation to the 
signal region. 

The overall uncertainty in the integrated lumi- 
nosity for the complete 2011 dataset is 3.9%, based 
on the calibration described in Refs. [13, [3] includ- 
ing an additional uncertainty for the extrapolation 
to the later data-taking period with higher instan- 
taneous luminosity. 

7. Results 

In total, 71 candidate events are selected by 
the analysis: 24 4fi, 30 2e2fi, and 17 4e events. 
From the background processes, 62 ± 9 events are 
expected: 18.6 ± 2.8 4^, 29.7 ± 4.5 2e2fi and 
13.4 ± 2.0 4e. In Table El the number of events 
observed in each final state is summarized and com- 
pared to the expected backgrounds, separately for 
< 180 GeV and > 180 GeV, and to the 
expected signal for various mn hypotheses. The 
mi2 and m34 mass spectra are shown in Fig. [31 The 
expected 7714^ distributions for the total background 



and several signal hypotheses are compared to the 
data in Fig. |H 

Upper limits are set on the Higgs boson produc- 
tion cross section at 95% CL, using the CLg modi- 
fied frequentist formalism [78] with the profile like- 
lihood ratio test statistic 79]. The test statistic 
is evaluated with a binned maximum-likelihood fit 
of signal and background models to the observed 
m^e distribution. Figure [S] shows the observed 
and expected 95% CL cross section upper limits, 
calculated using ensembles of simulated pseudo- 
experiments, as a function of niH- The SM Higgs 
boson is excluded at 95% CL in the mass ranges 
134-156 GeV, 182-233 GeV, 256-265 GeV and 
268 — 415 GeV. The expected exclusion ranges are 
136 - 157 GeV and 184 - 400 GeV. 

The significance of an excess is given by the 
probability, po, that a background-only experi- 
ment is more signal-like than that observed. In 
Fig. [51 the po-values, calculated using an ensem- 
ble of simulated pseudo-experiments, are given 
as a function of mn for the full mass range of 
the analysis. The most significant upward devia- 
tions from the background-only hypothesis are ob- 
served for iriH — 125 GeV with a local po of 1.6% 
(2.1 standard deviations), itih — 244 GeV with 
a local Po of 1.3% (2.2 standard deviations) and 
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niH = 500 GeV with a local po of 1.8% (2.1 stan- 
dard deviations). The median expected local po 
in the presence of a SM Higgs boson are 10.6% 
(1.3 standard deviations), 0.14% (3.0 standard de- 
viations) and 7.1% (1.5 standard deviations) for 
niH = 125 GeV, 244 GeV and 500 GeV, respec- 
tively. An alternative calculation, using the asymp- 
totic approximation of Ref. [79^1 , yielded compatible 
results — within 0.2 standard deviations — in the 
entire mass range. 

The quoted values do not account for the so- 
called look-elsewhere effect, which takes into ac- 
count that such an excess (or a larger one) can ap- 
pear anywhere in the search range as a result of 
an upward fluctuation of the background. When 
considering the complete mass range of this search, 
using the method of Ref. [s^l, the global po-value 
for each of the three excesses becomes of 0(50%). 
Thus, once the look-elsewhere effect is considered, 
none of the observed local excesses are significant. 

8. Summary 

A search for the SM Higgs boson in the decay 
channel H -J> ZZ^*) M based on 4.8 fb^^ of data 
recorded by the ATLAS detector at ^ = 7 TeV 
during the 2011 run has been presented. The SM 
Higgs boson is excluded at 95% CL in the mass 
ranges 134-156 GeV, 182-233 GeV, 256-265 GeV 
and 268 — 415 GeV. The largest upward deviations 
from the background-only hypothesis are observed 
for fUH = 125 GeV, 244 GeV and 500 GeV with lo- 
cal significances of 2.1, 2.2 and 2.1 standard devi- 
ations, respectively. Once the look-elsewhere effect 
is considered, none of these excesses are significant. 
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F. Khalil-zadai°, H. Khandanyaiii64^ A. Khanoyi", D. Kharchenko^*, A. Khodinov^^, 

A.G. Kholodenkoi27^ A. Khomich'^^^, T.J. Khoo^^, G. Khoriauli^o, A. Khoroshiloyi^^ N. Khovanskiyf^^^ 
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G. M. Kolacheyio^ H. Kolanoskil^ V. KolesnikovS^, I. Koletsou^^a^ j_ KoII*^^ M. Kollofrath^s, 

S.D. Kolya«\ A.A. Komar^^ Y. Komorii^"^ rj, Xondo^s, T. Kono^i^?, A.I. Kononov^s, R. Konoplichi"^-'', 

N. Konstantinidis^s^ ^ Kootz^^^^ S. Kopcrny^^ K. KorcyP^ K. Kordasi^^^ V. Korcshovi^^^ A. Korn"^, 

A. Korol"«\ I. Korolkov", E.V. Korolkovai'''^, V.A. Korotkoyi^^^ Q. Kortncr^^ S. Kortncr^^, 

V.V. Kostyukhin^o, M.J. Kotamaki^^, S. Kotov^^ V.M. Kotov*^^^ a. Kotwal^^, C. KourkoumclisS, 

V. Kouskourai53^ a. Koutsmani^*^, R. Kowalowskii'^*, T.Z. Kowalski^''^, W. Kozancckil3^ A.S. Kozhin^^^, 
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E. Ladygin64, R. Lafaye"*, B. Laforge^^ T. Lagouri^^, S. Lai''^ E. Laisne^^, M. Lamanna^^, 

L. Lambourne'^*', C.L. Lampen^ W. Lampl^ E. Lanconi^s, U. Landgraf^^, M.P.J. Landon'^^, J.L. Lane^'^, 

C. Lange^\ A.J. Lankford^'^^^ p Lanni^^, K. Lantzsch^'^^, S. Laplace'^'^, C. Lapoire^^, J.F. Laporte^^^, 
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E. Le Menedeu^ C. LcbcF, T. LcCompte^, F. Ledroit-Guillon^s, H. Lee^"^, J.S.H. Lee"^, S.C. Lee^^^, 

L. Leel^^ M. Lefebvrei^^^ M. Legendre^s, A. Leger^^, B.C. LeGeyt"^, F. Legger^^ C. Leggett", 
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L. Mcrolaioi'^'ioib^ Mcroni^s^, F.S. Morritt^", H. Merritt^^^, A. Messina^^, J. Metcalfei02^ A.S. Mctcf'^, 

C. Mcycr*^o, C. Mcycr^o, J-P. Meycr^^s^ J. Mcycr"2^ j_ Meycr'"^"^ Meyer29, W.T. Meyer®^ J. Miao32d^ 
S. Michal29, L. Micu^sa, R.P. Middleton^^s, S. Migas^^ L. Mijovic''\ G. Mikenberg^™, M. Mikestikovai24^ 
M. Mikuz''3, D.W. Millcr^o, R.J. MiUer^^, W.J. Millsi*^^ C. Mihs", A. Miloyi™, D.A. Milstead"^'^'"^'', 

D. Milstein^'^", A.A. Minacnkoi27^ Mihano Moya^^®^ Minashvih*^'' , A.I. Minccr^"'^, B. Mindur^"^, 
M. Mineev'^^, Y. Mingi'^i, L.M. Mir", G. Mirabehi^ia^ l. Miralles Verge", A. Misiejuk^^, J. Mitrevski^^e, 
G.Y. Mitrofanovi27, y.A. Mitsoul*^^ S. Mitsui®^, P.S. Miyagawa^^s, K. Miyazaki^^, J.U. Mjornmark^s^ 

T. Moa}^^'''^^^^ , P. Mockett^^y^ g_ Moed", V. Mocllcr27, K. Monig^i, N. M6ser20, S. Mohapatra^''^, 
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C. Mora Hcrrcra'^", A. Moraes^^^ N. Morange^^s^ j_ Morel'^'', G. Moreno36'^'36b^ p Moreno^", M. Moreno 
Llaceri^*^, P. Morettini^O'", M. Morgenstern^^, M. Morii^'^, J. Morin^^, A.K. Morley^^, G. Mornacchi29, 
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E. Mountricha^^"", S.V. Mouraviev^^^ E.J.W. Moyse^^^ M. Mudrinic^^b^ F. Mueher^Sa^ j Mueller^^s, 
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W.J. Murrayi28, 1. Mussche^o^, E. Musto^oi^'io^^, A.G. Myagkovi27^ M. Myskai24, J. Nadal", K. Nagai^^s, 

K. Nagano'5^, A. Nagarkar^^^, Y. Nagasaka^^, M. Nagel^^, A.M. Nairz29, Y. Nakahama29, K. Nakamura^^'^, 

T. Nakamurai54, I. Nakanoio^, G. Nanava^o, A. Napieri^o, R. Narayan^sb, M. Nash^^^'^ N.R. Nation2i, 

T. Nattermann^o, T. Naumann^\ G. Navarro^^S H.A. NeaP, E. Nebot'■^ P.Yu. Nechaeva9^ T.J. Nccp*^\ 
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P. Pais^'^ K_ Pajchel"6^ G. Palacino^^sb^ ^ p_ Paleari^, S. Palestini^^, D. Railings, A. Palma^^Sa^ 

J.D. Palmer", Y.B. Pan"\ E. RaIlagiotopoulou^ B. Panes'^^, N. Panikashvili**^, S. Panitkin^", 

D. Pantea^^'', M. Panuskova^^^^ y. Paolone^^^, A. Papadelis^^Sa^ Th.D. Papadopoulou'', A. Paramonov^, 

D. Paredes Hernandez'^, W. Park^^.^, M.A. Parker^^, F. Parodi^O'^'^o'', J.A. Parsons'^, U. Parzefall^^, 
S. Pashapour^**, E. Pasqualucci^'^'', S. Passaggio'''"'", A. Passeri^'^*^, F. Pastore^'^'''^'''', Fr. Pastore"^^, 

G. Pasztor "s."", S. Pataraia^^'^ Patel^^s, J.R. Rater^^, S. Patricelli^°i^'i°i'', T. Pauly^^, M. Pecsy^'a^ 
M.I. Pedraza Morales^'^i, S.V. Peleganchuki°^ H. Peng'^^^ R. Rengo^^, B. Penning-''°, A. Penson'^, 

J. Penwell^", M. Perantoni^'a, K. Perez'^^"'', T. Perez Cavalcanti'^i, E. Perez Codina", M.T. Perez 
Garcia-Estafiif'^ V. Perez Reale''^'*^ l Perini**''^'*^^'^, H. Pernegger^^, R. Perrino^i^, P. Perrodo'', 
S. Persembe-^'% V.D. Pesliekhonov^'", K. Peters^^, B.A. Petersen's, j_ Petersen's, ^ Petersen'^, 

E. Petit"*, A. Petridis^''^'^ C. Petridoui-"^', E. Petroloi'ia^ p. Petruceii^'a.isab^ ^ PetschuU^i, M. Pettenii"*!, 
R. Pezoa'ib^ A. Phan^s, P.W. Phillipsl2^ G. Piacquadio'", A. Pieazio^^, E. Picearo^^^ j^j PiccininiiS'^'is'^, 
S.M. Piec^i, R. Piegaia^e, D.T. Pignottilo^ J.E. Pilcher'", A.D. Pilkington*^\ J. Pinai23a,(>^ 

M. Pinamontii63a463c^ ^ Pinder"^ J.L. Pinfold^, J. Ping-'^^c^ ^ Pinto^^Sa^ O. Pirotte^^, C. Pizio*^^'^'^^'', 
M. Plamondoni68, M.-A. Pleier^^, A.V. Pleskachi^^^ E. Plotnikova^"^ a. Poblaguev^^, S. Poddar'"^*^, 

F. Podlyski33, L. Poggioli"'^, T. Poghosyan^o, M. Polil^s, F. Polci■■^^ G. Polesello"'^'^, A. Policicehio'Sa.seb^ 
A. Polini^S'*, J. Poll^^, V. Polychronakos^^, D.M. Pomarede*'^^, D. Pomeroy^^, K. Pommes^^, 

L. Pontecorvo^'ia^ b.G. Pope^^ G.A. Popeneciu^S'^, D.S. Popovic^^a, A. Poppleton^^, X. Portell Bueso^^, 
C. Posch^i, G.E. Pospelov^s, S. Pospisili^e, l.N. Potrap^^^ C.J. Potter"8, C.T. Potter"'^ G. Poulard^^, 
J. Povedai"^!, V. Pozdnyakov^^, R. Prabhu^^^ p_ Pi-alavorio82, A. Rranko^'', S. Prasad^*^, R. Pravahan'^, 
S. Prell^'^ K. Pretzlie, L. Pribyl^^, D. Price^o, J. Price^^ L.E. Price^, M.J. Price^^, D. Prieuri^a, 
M. Primavera^^'^, K. Prokofiev^"^, F. Prokoshin'^'', S. Protopopescu^^, J. Proudfoot^, X. Prudent"'^, 
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W.B. Quaylei^i, F. Quinonez'i'^, M. Raas^o', y. Radescu^S B. Radics^o, P. RadlofT"', T. Rador^^^, 

F. Ragusa^s^'^*'', G. Ralial^^^, A.M. Rahimilo^ D. Rahm^^, S. Rajagopalan^^, M. Rammensee'*^ 

M. Rammes"°, A.S. Randle-Conde'^, K. Randrianarivony^s, RN. Ratoff °, F. Rauseher^^ T.C. Rave-^^, 
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A. Rimoldi"^'^'"*'^, L. Rinaldi^s^, R.R. Rios'^, I. Riu", G. Rivoltella^^^'S*'', F. Rizatdinova"i, E. Rizvi^^, 
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